Many authors, both in Hungary and abroad, have reported on experiments carried out to determine the role of sowing time in maize, but the results are often contradictory. This is hardly surprising, since the maize plant exhibits enormous genetic variability and the hybrids created through selection and inbreeding may have very specific requirements as to sowing date. The year effect, too, often complicates the efforts of scientists to provide clear guidance to farmers on the optimal sowing date for each hybrid.
Even in more dated Hungarian literature, numerous data can be found encouraging farmers to sow maize earlier than usual. The works of Pethe (1817) and Balás (1889) all suggest that if good quality seed is used, a larger, more reliable yield will be obtained, with earlier ripening, if sowing is carried out earlier than usual. I'só (1966) pointed out that correct views on the sowing date of maize were already general in Hungary in the 19 th century.
The results of a three-year series of experiments carried out by Pásztor (1958) indicated that a correct choice of sowing date had a favourable effect on both the vegetation period and on the yield. However, it is also important to taken variety characteristics into account, since the varieties included in the experiments did not all have the same sowing date optimum. For this reason, and due to the fact that the same hybrid may have different optimal sowing dates in different years, there is no consensus among experts in this respect, as noted by I'só (1962) .
According to Kovács (1957) most of the contradictions concerning the correct sowing date stem from the fact that seed quality is ignored.
All in all, however, early sowing can be said to be more favourable, as shown by the results of sowing time experiments (I'só, 1962) , although Pásztor (1962) considered sowing in the first ten days of May to be optimal.
The results of sowing time experiments carried out by Győrffy et al. (1965 Győrffy et al. ( ), I'só (1966 and Pásztor (1966) indicated that hybrids with short vegetation periods are less sensitive to late sowing. However, the sowing date is influenced not only by the hybrid, but also by the soil. Soils with better heat management warm up more quickly, so sowing can be carried out between April 10 th and 25 th , while on soils with poor heat management the optimal sowing date is between April 25 th and May 5 th . This question, however, is also considerably influenced by seed quality (Menyhért, 1985) . Behaeghe et al. (1981) also regarded sowing prior to May 5 th to be optimal, since higher grain moisture was generally recorded at harvest in the case of later sowing. Johnson and Mulvaney (1980) considered sowing on May 6 th to be the most favourable, while sowing two weeks later led to a 5% yield loss. Similaru (1986) found a much earlier sowing date to be optimal. On soil with satisfactory nutrient supplies, the optimal sowing date was found to be between April 15 th and April 20 th , with a plant density of 50-60 thousand per hectare. Tomoroga et al. (1985) , on the other hand, recorded yield losses even when sowing was carried out in late April.
According to Sárvári and Futó (2001a, b) , for some hybrids early sowing leads to an outstanding increase in yield and to lower grain moisture content at harvest, thus improving production efficiency. They thus recommend a variety-specific technology which adapts the sowing date to the hybrids in coordination with other production factors. Bauer and Carter (1986) not only found a correlation between the sowing date and the grain yield, but noted that later sowing led to more brittle grains, causing storage problems. In addition, there was a 4-6% reduction in the grain yield per hectare in late-sown plots. Grain brittleness was also increased in this experiment by high stand density, poor nitrogen supplies and irrigation. Imholte and Carter (1987) and Russelle et al. (1988) also found that late sowing reduced the grain yield and increased the grain moisture content at harvest.
It can thus be seen that, as time passed and an increasing number of results were published in connection with the sowing date, opinions on the best sowing date began to concur and the majority of scientists and growers now agree that early or midearly sowing has a positive effect.
The relationship between sowing date and yield is, however, indirect, since this factor exerts its effect by promoting a healthy, well-developed plant stand with satisfactory vegetative mass.
According to Popov (1979) the incidence of mosaic virus infection was lower when sowing was carried out in April, as a consequence of which higher yields were harvested in early-sown fields. Bergmann and Turpin (1984) , however, drew attention to the negative aspects of early sowing. When investigating the relationship between sowing date and plant protection they found that sowing in April significantly increased the presence of Diabrotica spp. larvae in the stand. This was explained by the fact that L1 larvae found feed plants if the maize was sown early, but not if it was sown late. On areas severely infested with black cutworm it may thus be wise to plant the maize relatively late.
In experiments carried out by Berzsenyi et al. (1998a, b, c, d; 1999) in 1995 and 1996 using five hybrids with different vegetation periods, early sowing was found to promote reproductive growth and late sowing initial vegetative growth. The leaves appeared more rapidly in late-sown crops, but the final leaf number was not influenced by the sowing date.
It can be seen from the above that temperature may be a limiting factor for both the vegetative and generative development of maize. Bocz (1996) agreed that this was a fundamental factor in maize production. The great temperature fluctuations experienced in spring and autumn do not favour maize development. If the weather warms up too slowly in spring, emergence will be delayed, retarding the development of the young plants.
The assimilation heat threshold for maize was determined many years ago to be 10°C, and this value is still used today. However, maize genotypes which have become adapted to the temperate zone now have a lower assimilation heat threshold. Recent calculations in Hungary indicate that the heat threshold should be modified to 6-8°C.
When examining the heat threshold for emergence Herczegh and Marton (1986) found that some hybrids started developing at 4°C, while others required at least 8°C. Bunting (1976) also reported that the temperature threshold for maize was below 10°C, and recommended a modification of the accepted value. It is extremely important to establish this threshold for the given maize hybrid, since this will determine when sowing can be carried out. If the seed is sown before this temperature is reached the plant may suffer damage and development will be retarded. This damage is not the same as frost damage, since the frost tolerance of hybrids with good cold tolerance does not generally differ from that of maize hybrids with a higher temperature threshold (Khehra et al., 1987) . Marton et al. (1997) also found that different maize genotypes had different cold tolerance levels. When six genetically different inbred lines were tested at 10°C, a significant difference was found in their seedling cold tolerance, two variants of which could be distinguished. The first had rapid initial development even during a short period of cold, while the other exhibited slow growth intensity but was able to survive a very long period of cold. In Hungary, the first type is more favourable, since the cold periods experienced after sowing do not last for weeks (Gupta and Kovács, 1976) .
The question arises whether it is possible to select for genotypes with better cold tolerance on the basis of phenotypic or genotypic traits. Mock and Skrdla (1978) considered this possible. They studied the germination percentage, germination vigour and dry weight of 42-day-old plants for 144 hybrids tested in a climatic chamber at 10°C and found large genotypic variance, suggesting that selection would be effective. For the 25 hybrids with the best cold tolerance, the germination percentage was 96.6%, the germination vigour 15.6 days and the dry matter content of 42-day-old plants 10 g/plant. No correlation was found between cold tolerance and flowering date.
When investigating maize lines and hybrids, Hodges et al. (1997) found that in the course of development the cold tolerance of the genotypes changed. Studies on cold tolerance at emergence and during initial development indicated that these traits were determined by different factors and that the cold tolerance of the hybrids could not be deduced from that of the parental lines. Dhillon et al. (1993) , however, considered that selection for cold tolerance could be made when sowing was carried out at the normal date on the basis of leaf yellowing. Semuguruka et al. (1981) also reported that, although the hybrids had different levels of cold tolerance, hybrids less tolerant of cold were able to regenerate at higher temperature.
Maize plants are thus damaged by cold, and some of the damage only becomes visible when the weather warms up. According to Szalai et al. (1996) , damage is only likely to occur during the early stages of development. Some of the changes occurring due to cold are in positive correlation with the low temperature-induced synthesis of certain compounds (Dőry et al., 1990; Lasztity et al., 1994; Rácz et al., 1996; Páldi et al., 1996; Janda et al., 1996) . A number of nitrogen-containing compounds, such as putrescine, agmatine, proline and glycine-betain are regarded as stress markers (Páldi et al., 1998) .
Five inbred lines with different levels of cold tolerance were investigated by Páldi et al. (1996) to determine whether these compounds played any role in maize cold tolerance. It was found that the quantities of putrescine, agmatine and proline changed at low temperature and that these changes were correlated with maize cold tolerance.
In cool, wet springs the maize shows protracted emergence and slow development. It is thus important to determine which genotypes are capable of tolerating unfavourable conditions in early spring. Tatum (1942) was the first to elaborate a laboratory method, which later served as the basis for the cold test (Bochicchio, 1985) , the aim of which is to test seed lots under the less favourable conditions existing in the field, in order to obtain a realistic picture of seed quality. The method was later made more uniform in order to make comparisons easier (Isely, 1950; Clark, 1954) . Hoppe (1951) made an important contribution to the perfection of the method, while Kovács (1958; 1961) adapted it to Hungarian conditions.
As reported by Delouche (1976) and Marton (1997) , the seed vigour evaluations provided by the cold test are greatly influenced by external factors, such as seed dressing. Many authors thus suggest that cold tolerance should also be tested in sterilised soil or in artificial media (Tatum and Zuber, 1943; Kovács, 1961; Maryam and Jones, 1983; Christeller, 1984; Bocsi, 1988) .
According to Menyhért (1985) , the sowing date of maize hybrids is influenced not only by the cold test values, but also by the genetic traits of the hybrid, the length of the vegetation period, the soil temperature and the seed quality. In the case of early sowing the maize soon shades the soil, thus reducing soil evaporation. If the plant then receives sufficient light and heat during flowering and fertilisation, more grains will develop. Early-sown maize also has more time for the development of the root system, which thus penetrates to a greater depth, possibly allowing the plant to absorb water from deeper layers even during flowering. In addition, early-sown maize produces more compact plants with a more favourable harvest index. The ears grow at a lower height, giving relatively greater lodging resistance. The yield is also better than after late sowing.
This was confirmed by the results of Győrffy et al. (1965) , who found that a month's delay in sowing led to yield losses of 20-25%. In experiments carried out over a ten-year period, Rossmann and Cook (1966) observed that the grain yield was reduced by 9% when sowing was delayed for 10 days, by 16% after 20 days and by 27% when sowing was 30 days late.
According to Menyhért (1985) the optimal sowing date in Hungary is between April 10 th and May 5 th . This author found that, in addition to the advantages outlined above, early sowing also led to better fertiliser utilisation by the crop, especially in the case of nitrogen.
It can thus be seen that, despite the differences of opinion often expressed by scientists and growers in past decades, a consensus is gradually developing, and it is now the general opinion in Hungary that mid-early or early sowing is optimal for maize.
In Martonvásár Berzsenyi et al. (1998b) consider the period between April 20 th and 25 th to be the ideal sowing date.
